Abstract: Cloud computing is currently the new buzzword in the Information and Communication Technology (ICT) industry. Early adopters in the market have already established quite stable and reliable offers of cloud-based services. From an economic perspective, each of these services is based on a certain business model. These models are in general used to describe the value-creating logic of organisations within a certain market, e.g., how a company or network of companies aims to make money and create consumer value with cloud offers. Thus, they should be the basis for every company's business. In this work, dynamic business models are introduced. Static, conventional models do not reflect the real world and lack substantial elements of changing market environments, whereas dynamic models express a time-variant view of the market. A key factor for success for the whole cloud-service market will be to avoid confusion about different offers, differentiators and functionality, which may occur during the (ICT-)traditional hype cycle, and could definitely blur essence and usefulness of market offers. The introduced dynamic perspective will allow pointing out the most important limitations and challenges at each hype phase that clouds have to face before becoming real, broad mainstream for enterprises.
Introduction
Despite the fact that utility computing is partially based on a collection of many established (Yau, 2008) technologies it also includes new concepts in several Information and Communication Technology (ICT) fields like Service-Oriented Architectures (SOAs) (Papazoglou and Heuvel, 2007) , autonomic computing (Jin and Liu, 2003) , distributed (Androutsellis- Theotokis and Spinellis, 2004) and grid computing as well as virtualisation. Therefore it has created much interest in recent years in the business and research community (Youseff et al., 2008; Erdogmus, 2009; Leavitt, 2009; Lin et al., 2009) . This is maybe because so many technologies find their reflection in this new emerging technology. The huge potential for utilising new technological advances made it a new computing paradigm, which allows users to go new ways of consuming and utilising computing infrastructures (Youseff et al., 2008) .
Cloud computing is currently the new buzzword in the ICT industry. Early adopters in the market have already established quite stable and reliable offers of cloud-based services. From an economic perspective, each of these services should be based on a certain business model. These models are in general used to describe the value-creating logic of organisations within a certain market, e.g., how a company or network of companies aims to make money and create consumer value with cloud offers. Thus, they should be the basis for every company's business. Due to the dynamic of highly emerging and evolving markets the only way to keep pace from a business perspective is to introduce dynamic business models. Static, conventional models do not reflect the real world and lack substantial elements of changing market environments, whereas dynamic models express a time-variant view on the market. These models for cloud computing are introduced with this paper.
In this paper, we present a summary of the current state of business models for the field of utility computing, whose potential is presented in Section 2. Here we first classify the upcoming utility computing market. The following theoretical background on business models and their analysis and evaluation emphasises the lack of fitting models for emerging technologies (Section 3). In Section 4 we introduce the vision of a cloud market with its models, actors and the current status. In the following Section 5 business models in a hype cycle are presented. These dynamic models are designed to overcome the hype, which emerging technologies are faced with. We conclude our paper with a summary and a conclusion for the utility computing market. This article delivers a comprehensive state-of-the-art analysis of business model research and transforms findings in this area to the emerging field of cloud computing.
Promising utility computing market
The Kleinrock vision of a utility computing market has been evolving since the late 1960s (Kleinrock, 2005) . The internet scale required by many applications is challenging software architects in the chase for highly reliable and scalable systems, autonomic support to ubiquitous access, dynamic discovery, and self-healing capabilities (Buyya et al., 2008a) .
One main driver for this explosive growth of the internet and the merging of digital communications and Information Technology (IT) have brought about general changes in the way the ICT industry as a whole functions (Kelly, 1999; Rim et al., 2007) .
The latest of the computing paradigms aiming at providing those capabilities is cloud computing, which has become a general term including any IT solution that allows the outsourcing of hosting resources. All the self-called clouds (Crandell, 2008) include the notion of providing easily accessible compute and storage resources on a pay-as-you-go, on-demand basis, from a virtually infinite infrastructure managed by someone else. What is really important to customers is the capability to access their application anywhere, move it freely and easily, and immediately add resources for instant scalability. Vaquero et al. (2009) proposed the following definition of a cloud based on a comprehensive analysis of existing definitions and approaches:
"Clouds are a large pool of easily usable and accessible virtualized resources (such as hardware, development platforms and/or services). These resources can be dynamically reconfigured to adjust to a variable load (scale), allowing also for an optimum resource utilization. This pool of resources is typically exploited by a pay-per-use model in which guarantees are offered by the Infrastructure Provider by means of customized SLAs." Following a current research by Gartner:
"by 2011, early technology adopters will forgo capital expenditures and instead purchase 40 percent of their IT infrastructure as a service. Increased high-speed bandwidth makes it practical to locate infrastructure at other sites and still receive the same response times. Enterprises believe that as service-oriented architecture (SOA) becomes common practice, Cloud computing will take off, thus untying applications from specific infrastructure." (Carey, 2008) A key element for this foreseen untying of applications and infrastructure in the cloud is virtualisation. Virtualisation, which can be roughly described as an indirection layer that separates resources or requests for a service from their underlying physical delivery, enables the creation of a pool of resources from which virtual resources can be flexibly allocated. Thus, in a virtualised environment, computing environments can be dynamically created, expanded, shrunk, or moved as demand varies. For a real business market to emerge, the assurance of a determined Quality of Service (QoS) must be enforced by using Service Level Agreements (SLAs) (Buyya et al., 2008a) .
In order to understand this new market from a high level perspective, the competition between a cloud service and a Commercial off-the-Shelf (COTS) software need to be differentiated. Ma (2007) proposed the following three main differentiators:
The possibility of obtaining scalable, reliable, on-demand resources, using a pay-per-use model through a single access point is bringing Kleinrock's vision closer to reality and leading to a change in the way IT infrastructure is being delivered and consumed (Carey, 2008; Higginbotham, 2008) , i.e., it is leading to the beginning of a specific cloud market. According to Ma's differentiators not only technical but rather business issues have to be taken into account.
IDC expects that spending on cloud computing will grow almost threefold within the next five years, reaching $42 billion by 2012 and accounting for 9% of revenues. In their recent survey the market analysts found that cloud services are entering a period of widespread adoption. IDC thinks that the cloud model offers a much cheaper way for businesses to acquire and use IT, which is of advantage in an economic downturn (IDC, 2008) . Financial analysts from Merrill Lynch even claim there is a $160 billion addressable market opportunity for cloud computing. Even though cloud offers have not reached a maturity phase yet, there are leading indicators that suggest how fast the clouds are forming. Forrester reported that bandwidth for Amazon's Elastic Compute Cloud (EC2) and Simple Storage Service (S3) in the fourth quarter of 2007 exceeded the entire global Amazon.com web properties combined during their busiest time of the year (Croll, 2007) . In order to create an overview of effects and results on the ICT market a categorisation of upcoming changes is needed. These cloud-induced changes affecting value creation activities of companies is generally done in terms of business models (Rim et al., 2007) . This paper continues as follows. First, in Section 3, an introduction to business models is given. Following this, Section 4 examines the present cloud market with its main players and products and gives an overview of the current market status. In Section 5 dynamic business models for technologies in the hype cycle are introduced and an approach on how to overcome the hype cycle disadvantages with the fitting dynamic business models is presented. Finally, a summary and a conclusion are presented in Section 6.
Theoretical background

Basics of business models
In the following paragraph the theoretical background of business models will be explained and elaborated. The business model concept originates from various fields, including e-business, strategy, supply chain management and information systems (Hedman and Kalling, 2003; Shafer et al., 2005) . Thus, business models express the urge of explicating the value of ICT-driven innovations for organisations and users (de Reuver et al., 2007) .
In a more differentiated view, studying business models serves various purposes (Osterwalder and Pigneur, 2002; Pateli and Giaglis, 2004 ):
• understanding the elements and their relationships in a specific business domain
• communicating and sharing this understanding to the outside world
• using them as a foundation for change
• measuring the performance of an organisation
• simulating and learning about (e-)business
• experimenting with and assessing new business models
• changing and improving the current way of doing business.
Since its conception, the field has developed from defining the concept, to exploring business model components, developing taxonomies of typical business models, and developing descriptive models (Pateli and Giaglis, 2004) . So far, the field has not established a single authoritative definition of a business model (Alt and Zimmermann, 2001) . The definition of Chesbrough and Rosenbloom (2002) which sees a business model as a blueprint for the way a business creates and captures value from new services or products can be seen as most comprehensive and suitable for the area of ICT (also compare Faber et al., 2003; Seddon and Lewis, 2003) . External factors such as socio-economic trends, technological developments, and political and legal changes play an important role in understanding how business models are used developed and used in practice.
With a few exceptions (Andries et al., 2006; MacInnes, 2005; Vaccaro and Cohn, 2004) , most literature have taken a static perspective on business models. They are used to describe the value-creating logic of organisations at a certain moment in time. Hereby the implicit assumption is that business models remain steady over time, and that choices are rarely corrected. However, in reality business models do not persist forever. Organisations often have to review their business model in order to keep in line with fast-changing environments (Afuah and Tucci, 2003) . This is particularly the case in industries experiencing rapid technological advances like the ICT sector. As a result, de Reuver et al. (2007) strongly request that business models have to keep up with external changes during all phases from development to exploitation. This argumentation of dynamic business models will be followed in this paper.
Analysis and evaluation of business models
To be able to analyse and evaluate a business model which is developed for a certain market, the correct criteria for a review have to be elaborated. The best-known methods of classifying business models are first of all Bambury's (2008) approach, which distinguishes traditional businesses from alternate online models and second Timmers's (1998) approach, which focuses on the business processes whereby the degree of integration and innovation are the prime criteria. Other approaches like the ones from Rayport (1998 ), or Mahadevan (2000 examine similar criteria with slightly different aspects (Rim et al., 2007) . A well-known framework for evaluating business models is provided by Afuah and Tucci (2001) . The business component of this framework consists of customer value, business area, price, source of revenue, linked activities, capability of execution and continuity. A similar approach was presented by Eisenmann (2002), who divided into eight different categories which are described in terms of customer value provided, revenue generated and cost incurred, network effect and economy of scale. Ethiraj et al. (2000) proposed key factors for ICT-related business models (compare Figure 1) . Finally, to mention for the analysis of business models Amit and Zott (2001) proposed the following factors of value creation for (e-)business: efficiency, complementarity, lock-in and novelty (Rim et al., 2007) . In order to come up with a good analysis and evaluation of an existing business model it is probably needed to take various classifications and success factors into account. The presented approaches provide a valid basis for this.
Beside business-oriented approaches some authors with a more technical/mathematical mindset introduce technical/mathematical-oriented business models like Diskin (2000) , Buyya et al. (2008a) and Karunamurthy et al. (2006) . These cannot provide leading criteria for the analysis of business models from a pure business perspective.
In the following sections of this paper the vision of a cloud market with a market model, the main players, products and offers are presented.
Figure 1 Analysis of business models
Source: Based on Ethiraj et al. (2000) 4 Vision of a cloud market
Market model for the cloud
In order to achieve and maintain competitive advantages it is needed, in a first step, to clearly define a market model. This will lead to a clear understanding of players and mechanisms. The shift from COTS towards the cloud in current ICT markets is being driven by three market forces (IDC, 2007): 1 the search for growth in an important market segment, including emerging markets as well as the SMB sector 2 the shortcomings of traditional approaches in capturing the growth in these markets.
3 competitive pressures from new players with nothing to lose and everything to gain from pushing the new model. Porter (1980) offers a framework for the industry analysis and business strategy development. Within this framework the actors, products and business models are clarified and structured. Combined with the special cloud market model this leads to a full, big picture of the business side of the cloud (compare Figure 2) . First of all the market model will be introduced followed by the main actors. Based on that, the complete framework with embedded dynamic business models for hype markets will be presented. In the traditional economic model, competition among rival firms drives profits to zero, thus forcing firms to strive for a competitive advantage over their rivals. The intensity of rivalry on the market is influenced by industry-specific characteristics (Porter, 1980) :
• A larger number of firms increases rivalry because more firms must compete for the same customers and resources. The amount of companies dealing with cloud and virtualisation technology is quite high at the moment, this might be a sign for high rivalry. On the other hand the products and offers are quite varied, so many niche products tend to establish.
• After market growth, firms have to fight for market share. In a growing market, firms are able to improve revenues simply because of the expanding market. Obviously, the cloud-virtualisation market is presently booming and will keep growing during the next years. Therefore the fight for customers and struggle for market share will begin once the market becomes saturated and companies start offering comparable products.
• High initial costs result in an economy of scale effect that increases rivalry. Since the firm must sell a large quantity of products, high levels of production lead to a fight for market share and results in increased rivalry. The initial costs for huge data centres are enormous. By building up federations of computing and storing utilities smaller companies can try to make use of this scale effect as well.
• Low switching costs or high exit barriers influence rivalry. When a customer can freely switch from one product to another there is a greater struggle to capture customers. From the opposite point of view high exit barriers discourage customers to buy into a new technology. The trends towards standardisation of formats and architectures try to face this problem and tackle it. Most current cloud offers are only paying attention to standards related with the interaction with the end user. However, standards for clouds interoperability are still to be developed (EGEE, 2008) .
• Industry shakeout: a growing market and the potential for high profits induce new firms to enter that market, and incumbent firms to increase production. Eventually, a point is reached where the industry becomes crowded with competitors, and demand cannot support the new entrants and the resulting increased supply. A shakeout ensues, with intense competition, price wars, and company failures. Monitoring the cloud market and observing current trends will show when the shakeout will take place and which firms will have the most accepted and economic offer (Reeves, 2008) .
In Porter's model, substitute products, economic trends and legislative regulations influence the market. To the economist, a threat of substitutes exists when a product demand is affected by the price change introduced by a substitute product. For virtualisation technologies the substitute should have the same functionality on physical resources (bare metal, real hardware servers, etc.). Of course trends and legislative regulations influence company's decisions on switching to virtualisation technologies and external offers.
Main cloud actors
Since the cloud market is still very incipient, it may seem to be very simple. Different actors in the cloud market can be derived from Porter's model: suppliers, consumers, and newcomers.
A producing industry requires raw materials -labour, components, and other supplies. This requirement leads to buyer-supplier relationships between the industry and the firms that provide it the raw materials used to create products. Suppliers, if powerful enough, can exert an influence on the producing industry, such as selling raw materials at a high price to capture some of the industry profits. Transferred to cloud-virtualisation technology, the producers and suppliers of bare metal hardware and network technology might be the suppliers for cloud companies. But also energy (Economist, 2008) and cooling technology suppliers deliver important 'raw materials' for cloud providers (IDC, 2006) .
The power of consumers/buyers is the impact that customers have on a producing industry. In general, when the buyer power is strong, the relationship to the producing industry is near to what economists term a monopsony -a market in which there are many suppliers and one buyer. Cloud-virtualisation providers try to bind customers to their products by giving parts of it away for free (free usage for small applications) adopting a pay-per-use model for larger applications. In theory, any firm should be able to enter and exit a market, and if free entry and exit exists, then profits always should be nominal. In reality, however, industries possess characteristics that protect the high profit levels of firms in the market and inhibit additional rivals from joining that market. As the cloud market is not fully established yet, new competitors can still enter it so as to diversify the current offer by differentiating their products and/or increasing their market share. Given this market model, each actor on the market has to come up with certain parameters according to Porter's framework, which determine its market position:
• role on the market (named mainly Supplier, Buyers/Consumer, new entrant)
• business model for the market (for hype markets a dynamic one)
• product, which will be provided to the market (according to the role).
Very similarly, Buyya et al. (2008a) identify the actors in the market. In addition it is pointed out that market-oriented resource management demands the regulation of the supply and demand of resources at market equilibrium, economic incentives for both cloud consumers and providers, and QoS-based resource allocation mechanisms that differentiate service requests based on their utility (Buyya et al., 2008b) .
This general picture is, actually, much more complex. An actor can play two roles at the same time. A cloud infrastructure provider can be seen as a supplier only since they offer the infrastructure to the service providers. However, the infrastructure provider is also a consumer since she is buying physical machines, energy and so on. Also, an infrastructure provider could outsource some special type of resources to a second infrastructure provider.
Current market status
As the computing industry shifts towards the Software as a Service (SaaS) or Platform as a Service (PaaS) paradigms, the number of available cloud infrastructures supporting those paradigms will be increasing. Development and research in this field is still very active; different efforts are underway either from the academia (Fontán et al., 2008; Keahey et al., 2005) , from the industry, or from a combination of both forces (RESERVOIR, 2008 ).
Amazon's EC2 provides a virtual computing environment for Linux-based applications to be run on Amazon Machine Images (AMIs). An AMI can be a software stack customised by the user with the libraries, applications and data required, or can be chosen from a library of already available images. These AMIs are uploaded to the Amazon Simple Storage Service (S3), and then instantiated. Amazon EC2 charges the user for the time the instance is running according to the requested underlying hardware requirements, while Amazon S3 charges for data transfers.
Google's App Engine is probably the best known example of a PaaS system. It allows a user to run web applications written in Python on the Google platform. Google App Engine also provides Application Programming Interfaces (APIs) to access to services such as a datastore, Google accounts, URL fetch, image manipulation, and e-mail services (SaaS) and a web-based administration console for the user to easily manage her running web applications. Currently, Google App Engine is free to use with up to 500 MB of storage and about 5 million page views per month.
A similar approach to the Python framework provided by Google is Sun network.com (Sun, 2008) , which enables the user to run Solaris OS, Java, C, C++, and FORTRAN-based applications. The user builds and debugs her applications in a local development environment. Then, the related scripts, libraries, executable binaries and input data is zipped and uploaded. The execution and monitoring of the application can be done by using either the Sun Grid Web portal or an API.
Microsoft's Live Mesh provides a centralised location to keep applications and data to be accessed ubiquitously. The user accesses the uploaded applications and data through a web-based desktop.
FlexiScale is another Infrastructure as a Service Cloud offering Linux and Microsoft Windows Virtual Dedicated Servers (VDSs) on-demand on a pay-as-you-go basis. FlexiScale is offering VDSs with reprovisioning capabilities, dedicated self-provisioning of VDS via Control Panel or API, it is OS agnostic, and provides a fully monitored system -network, storage and servers. But the innovation of FlexiScale, as compared to AWS, is that it offers a 99.99% uptime SLA and, in the case of a physical failure or prediction of performance shrink, the infrastructure automatically redeploys the servers in other machine.
The Q-Layer Delegation Manager enables the Virtual Private Data Centre (VPDC), that allows users at any skill level to define, provision and manage their own data centre, without managing hardware (Q-Layer, 2008) . The VPDC portal is a web-based, drag and drop user interface for use by end-users to design provision and manage their VPDC. Users pay for resources by purchasing credits from the service provider. Credits provide the basis for Q-Centre to enforce provisioning limits and provide integrated billing.
The number of competitors, which can be called early birds, for the cloud market is already very high (Crandell, 2008) They can be clustered according to the type of resource they provide (computation, storage, platform or applications), but as they struggle for market share it is very likely that they will diversify their offer in order to meet all the market requirements. During these efforts some of them will reach the mainstream and achieve a critical mass for the market whilst others will pass away or exist as niche offers.
The following section will introduce the use of dynamic business models within a hype cycle. This concept needs to be applied to cloud computing as this technology is rapidly growing and definitely underlying the rules of hype cycles as introduced by Gartner (2008) .
Business models in a hype cycle
Basics
Gartner (2008) described the five distinct phases of the hype cycle that may occur as new technologies emerge. The first one is the 'Technology trigger', an event, public demonstration or product launch that generates significant press and industry interest. The 'Peak of inflated expectations' is characterised by over enthusiasm and unrealistic projections of results from newcomers that pushes the technology to its limits. The third phase is the 'Trough of disillusionment', i.e., the point at which the technology becomes unfashionable and the press abandons the topic, because the technology did not live up to its over-inflated expectations. The 'Slope of enlightenment' is the fourth phase, where there is focused experimentation and solid hard work by an increasingly diverse range of organisations leading to a true understanding of the technology's applicability, risks and benefits. COTS methodologies and tools become available to ease the development process. The final phase is the 'Plateau of productivity'. The real-world benefits of the technology are demonstrated and accepted either broadly or by a specific niche market.
Assumptions about the cloud hype cycle
The hype cycle for cloud computing is not perfectly obvious. In fact it can be quite complicated to situate its current position. At first sight one may feel tempted to say that we are right now starting the first phase. However, the presence of solid commercial products and a wide variety of enterprises is not very typical for that period. Since clouds are strongly supported by other underlying technologies which may be far from being a new concept, the current position in the hype cycle has to be made dependent on the underlying, considered technology (compare Figure 3) . Gartner (2008) Generally one should distinguish between virtualisation, SOAs and user interfaces as underlying concepts.
Virtualisation appeared in the early 1970s to allow multiple users to share the utilisation of expensive computing resources such as the mainframes. However the decrease of hardware costs in the 1980s triggered a decline in popularity of virtualisation technologies. More recently new types of Web 2.0 applications, application engines, SaaS offers and advanced business applications introduced novel requirements, which brought new problems such as scalability, reliability, security and increased Total Cost of Ownership (TCO), not to mention the ecological problem linked to higher energy consumption and dissipation created by the ever increasing size of data centres. This problem created a renewed interest in virtualisation techniques and since 2005 virtualisation became a main direction in the evolution of the whole IT market by using commodity and inexpensive hardware to address these problems. Thus, virtualisation technologies have reached a maturity degree that places them between the 'Slope of enlightenment' and the 'Plateau of productivity'.
SOAs are located by Gartner in the 'Slope of enlightenment' phase of their hype cycle, while the same study locates service-oriented business applications in the 'Trough of disillusionment'. This makes it very difficult to locate the exact position of clouds in the hype cycle (Gartner, 2008) .
In addition, clouds are claimed to be easy to use, an affirmation supported by the usage of simple and standard user interfaces. Some of the public clouds employ HTTP-based interfaces to ease the access to their capabilities. HTTP technologies are mature enough, well within the 'Plateau of productivity'.
Overcoming the hype with dynamic business models
Generally, phasing models help to understand how innovation and change affect the evolution of the markets, and its consequences for firm strategies and business models (Afuah and Tucci, 2001 ). Phasing models have appeared in technical service development, entrepreneurial and business planning, innovation adoption, and diffusion and marketing. As argued by Kijl et al. (Kijl et al., 2005) , these models broadly imply three main phases: technology/R&D, implementation/roll-out, and market, which include the sub-phases of market offering, maturity, and decline. These three main phases, influencing the business model, are used in a framework, visualised in Figure 4 .
Figure 4 Dynamic business models
Source: Based on Kijl et al. (2005) The phases build a circle, each triggering the following phase. Thus, feedback loops are implemented within the hype cycle. This is especially the case if business models do not work as planned or have to be adjusted to the 'next' phase in the cycle. In addition, different phases may not be that clearly distinguished. Particularly, the last two phases can be blurred, while for successful innovations some steps may merge. The first phase is dominated by R&D and technology. Discussions are focused on service or product definitions, investment in new technologies, and collaboration with relevant (technology) providers. The shift from Phase 1 to 2 is characterised by testing of concepts, small-scale roll out, field experiments, and initial introduction. In this phase the roll out of technology, testing of alpha and beta versions and the embedding of the new technology in an organisational domain becomes more relevant. The service and supporting technology are not yet entirely developed and still open to changes and reconfiguration. Possible shifts in service definition or technology architecture can still take place, and this has implications for involved partners. The gathering of market data on acceptance of the new product starts as well as the initial marketing of the product and service. The shift from Phase 2 to 3 is characterised by focus on commercial exploitation. At this point, market experiments have proved to be successful and a critical mass of users is reached. The focus shifts from capturing markets to retention of market share, in other words customer satisfaction. In the third phase, market adoption gradually spreads and exploitation, operations, and maintenance on a day-to-day basis are key activities. Figure 4 outlines which external drivers are expected to play a dominant role throughout the phases (Bouwman and MacInnes, 2006) . Technology is the most important driver for the development of new business models in the ICT sector. The emergence of new mobile, wireless, and data networks enable increased reach of businesses while at the same time middleware and multimedia applications offer new opportunities for enriched, customised, and secure communication. However, it can be assumed that market developments and regulation can also trigger opportunities for the development of new products and services. Changes in market opportunities or regulation enable new product and/or service definitions as well as underlying business models. As the current hype cycle phase according to market development is of high relevance for the business model, it comes in as the fourth influencing factor.
The nature of questions change in the next phase: the roll out of the service. In this phase it has to become clear that the product or service complies with regulation regarding issues as fair competition, telecommunication regulation, privacy, intellectual property rights, and content regulation. Regulators as well as competitors are becoming aware of the new product and services offered, and will look into possible implications for regulation as well as prepare a strategic response. New innovative technologies or alternative versions of existing applications can be incorporated. The effects of regulation are most decisive. Changes in marketing factors and technology can affect the service and business model, but their impact on the business model is less than in the roll out phase (de Reuver et al., 2007) .
Due to the experiments in the commercial phase, more information is collected on market opportunities, the operations of technology, and user perception of ease of use, usefulness and utility potential, which impacts the business models. It is expected that branding and scalability become important issues, both from a marketing and a technical perspective. In this phase, redefinition of service, involved parties and business models may take place. With the roll out of the service new partners might emerge, shifting the company from an R&D focus towards a more market-oriented or commercial approach. Market know-how is an important asset. Practical issues such as pricing, billing, and possibly bundling with other services (and products), have to be solved (de Reuver et al., 2007) .
According to the hype cycle this proposed phase model (de Reuver et al., 2007) need to be applied to different phases of the cycle. This leads to a multiple-phase hype cycle approach. Figure 5 visualises the comprehensive framework after Porter (1980) including actors, products, market and dynamic business models. 
Cloud issues and market-oriented approaches
Some authors claim that cloud adoption is not convincing (Higginbotham, 2008; Tucci, 2008) . First, business and IT managers of critical applications are rightly concerned that a shared virtualised environment means they could lose operational control over their application performance (Brodkin, 2008) . The reasoning: virtualised environments are often shared by design, so when conflicting computing demands arise, it could very well be their systems who get squeezed. The inclusion of SLA management techniques at several levels will help in the building of a trust worthy cloud market (Buyya et al., 2008a; RESERVOIR, 2008) .
There is also this economical misconception that virtualisation, all by itself, will deliver considerable savings. It is true there are initial savings to be made by consolidating many physical servers to fewer physical machines with many virtual server instances. But you can only consolidate servers this way once. The full and larger return on investment from virtualisation comes through the dynamic provisioning of resources whenever needed (Tal, 2008) . A recent IDC (2008) research report, noted the value of management for virtualised environments. Following IDC's argumentation, it is obvious that IT departments need to move towards managing their virtualised environments dynamically if cost savings and agility goals are to be met.
The security of cloud solutions is a technical as well as an economic key issue in the whole discussion. To be able to survive attacks is (yet another) reason for startups to deploy ad hoc cloud computing offerings. But consolidation of important parts of the internet onto only a few cloud providers may become its Achilles heel: Take down the cloud, and you take down all its sites. Therefore cloud operators need to find security models that rival the abilities of hackers (Croll, 2007) .
Also, data privacy is a concern that enterprises find when pondering to entrust the cloud paradigm (Croll, 2008) . Many countries have specific laws that say data about citizens of that country must be kept inside that country.
Weinberg remarks that the typical corporate software licensing model does not always translate well into clouds, where one application might be running on an untold number of servers (Croll, 2008) . This same author also claims that the programming methodology needs somehow to be modified so that applications can be broken up and the work divided among multiple servers. Since just a few of all the existent applications are written that way, and companies loathe to rewrite their existing applications, this is a challenging topic (but also a business opportunity for ICT players).
As advanced at the end of the previous section, interoperability between cloud providers is essential to deliver the massive scalability which will bring economic value. For example, Amazon has its EC2 web service, Google has its cloud computing service for messaging and collaboration, but the two do not interoperate. Existing research projects like 'RESERVOIR' are trying to solve this issue by providing the required interoperability among different cloud providers (RESERVOIR, 2008) . RESERVOIR (2008) represents an effort to overcome several inherent difficulties of clouds. SLA management is further complicated by the presence of several cloud providers, placing nice research challenges ahead (Buyya et al., 2008a) .
Weinberg points to still another interesting issue still to be addressed. What happens when the auditors want to certify that the company is complying with various regulations, and the application in question is running on the cloud? (Croll, 2008) . Even when Amazon (2008) and FlexiScale (2008) are offering some rough form of SLAs in their platforms, some more advanced features are needed to offer the required flexibility and semantic richness to the users (Buyya et al., 2008; RESERVOIR, 2008) . This leads one to wonder about the application monitoring in a cloud scenario (Croll, 2008) . Again, e.g., RESERVOIR's goal is to offer advanced monitoring capabilities, ranging from network probes to hypervisor-provided measurements that can be correlated to make sure that the contracted SLA is being fulfilled.
Summarising, the exact positioning of the cloud hype cycle is highly dependent on the maturity of its underlying technologies. While virtualisation and HTTP-based technologies offer clouds the chance to leap directly into the 'Plateau of productivity', many details are still to be solved. For instance, the massive scale required by some cloud applications can only be provided by means of federation of clouds. Thus, cloud computing is to be positioned in the 'Technology trigger' phase of the Gartner's hype cycle, rapidly moving towards the 'Peak of inflated expectations'. This section has highlighted some of the challenges ahead for the clouds to reach the 'Slope of enlightenment' stage.
Summary and conclusion
Clouds are offering many long-desired capabilities such as massive scalability, flexibility, self-healing and autonomy for current applications. However, the establishment of a true market for providers to offer and consumers to buy the cloud capabilities is still underway. Currently, there are many cloud providers in the market, offering similar products and showing a high level of competition to gain market share. The cloud-virtualisation market is still blooming. Therefore the struggle for market share will begin once the market becomes saturated and companies start offering comparable products. We are still far from the market shakeout that fits the market to appropriate dimensions. Clouds have been surrounded by hype since the very beginning as it happened to grids. However, clouds' easiness of use, the high bet placed on by some vendors, which leads to a real cloud market, and the maturity of the underlying technologies may take clouds to leap directly on the 'Plateau of productivity'. However, clouds have many issues to solve in the near future, security, data privacy, licenses, legal issues, QoS, interoperability, standardisation, monitoring, etc. Clouds may learn from grids' errors and hits to enhance some of their current limitations. Appropriate dynamic business models, which are constantly adjusted to the current hype cycle phase, technology changes, regulations and market developments will help companies to overcome the hype and create stable business in this new ICT area. This article delivers a comprehensive state-of-the-art analysis of business model research and transforms findings in this area to the emerging field of cloud computing.
